UNCLASSIFIED

AD NUMBER

AD111929

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution: Further dissem nation only as
directed by Ballistic Research Laboratory,
ATTN:. PAQ STI NFO, Aberdeen Proving G ound, ND,
NOV 1951, or higher DoD authority.

AUTHORITY

ARL per DTIC Form55 dtd 24 Jul 2015

THISPAGE ISUNCLASSIFIED



- |TO UNCLASSIFIED

UNCLASSIFIED

AD-111 929

FROM CONFIDENTIAL

USABRL Notice; Oct 2, 1972 IAW Document Markings

\ARAN\ND 63

THIS PAGE IS UNCLASSIFIED




~|TO DISTRIBUTION STATEMENT - F
Distribution Controlled. All requests to Army Ballistic Research
Lab, Attn: Public Affairs Office/STINFO, Aberdeen Proving Ground, MD

LIMITATION CODE: 5

'|FROM No Prior DoD Distr Scty Cntrl St'mt Assgn'd

DoDD 5230.24, Para £.3.b.; Nov 9, 1999

| THIS PAGE IS UNCLASSIFIED
i




fadeadt

- F |

Sl

REFERENCE COEX

5113

aboratories
| UNGLASSIFED
TECHNICAL _NOTE NO. 56

November 1951

L B - \ i
ABERDLEN FAUVING LuuclD, MD. 21008

The Ballistic Research Laboratories Technical Note is designed foruse with-
in the laboratories or for issuing available information, when the occasion

demands speed. ‘
The contents of this paper are of the nature of advance information and may
be extended or otherwise revised.
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PROVISTONAL CRITERIA FOR ?%?ID INCAPA TTATICH BY PRA(WENTS c

o . ABSTHACE
From experimental dsta cbiained by the Biophysics Branch, Medical
< - Laboratories, irmy Chemicazl Center, Fdgewood, Maryland, the probabilitlas

S are lnf@rrad that hits on peraomel by fragmots of known mass, velos cibys
and shape will incepecitate. The experiments were geonducted against
live goats, and the resulis were assessad by medical offlcer personnel.

7 Tha results are classified according to thres levels of incapac?tation*
incapagitation within 5 aeconds, incspaciteftion within 5 minutes, and
fatal or severs wounding: The inferred probsbilities, based on pro-

. visionally and rapldly interpreted axnerimenual.results, are exhlibited

- a2g functions of mv/i where » is the fragment mass, v the strikivg
: velocity gand 4 the avarage prespntea arar Of the fragnent.

e .~ The prubability e sulﬁs which are zubioct £0 revzslﬁn should the
basic data be reintarpreted, ars baing currently enployed by the

. Ballistic Rasearch Laboratsries in the design of improved hand o
. gr&nadas. . . : , T




) l , , B ; o
In arder o cbicin axparimeafg; canfirnation af the woundzng pawar ‘,w~
L of‘cevtaia newlv preposed types of hand grenasdes thd Biephypics Braachy
.. headed by Dr. €. M. Herged, of ihe dedical Laborastories of the irmy T
*.\,;:Chenical Center, adgawood Marvlﬂ“a, wos asked by the. Ordngnce Lorps Lo SRREETE
. eonduct experimente with controlled fragments against live animsl targets.

j \-”ha @xperiments werp plannred and carried out under‘the direction of Dr.
- Herget, whowss cssisted by three nedical officers® ‘specially assigned’
ooy the Medicel Corps to the projecd. The fragment sources and some sx-
'¢i<t*»per1mentaJ assistance wérs. *ubn ied by the. Bal]istic Research Ia borﬂtoriea¢;‘
. (oats were solected by Dr. Herrpr a3 the barget anfmals. It is under-. ‘

;.Hsﬁaad that he was governad in bis choice by the ‘desire for targets some-
1what comparable in mass end dimenslons, to hmans; - and the fact that thay
were available in 3uffiﬂi€ﬁ$ numLars wmthont excessive delay or. expense. S
-+ The.results of tHe first few experiments indicated hat there was & preat
oo difference, betueen “fatel or severe wounding® and vapid incapacitation,

L Yeuy wonnda severe and perhaps yitimately. fatsl, cause no such immediate
_changes in uhn targeb apimals &g %0 guggest that’ hunans, in battle and
under similar cond¢t*nns of Uound¢nq‘ would have beon prevented from o
earrying out the most important of norﬂal battle aaaignments, like hurling
- grensdes or discharging fireayms.  The mxperxmentai program was therefore
~ modified and extended in an effert t obtain basgic data on the probabiljirﬂy
- that random hits by Fragm@naé ‘ol knewn Mmazg, shape, and 3ariking veloclty -
" would cause rawld 1nrapacﬁvatiﬁha : - ,

e . ?h is undbrstooa that.nh& Eiopaysica ‘Brench. p$ans to issue "ull and
. formal reports of the eiperi mania,,xhlun have been. cnmpleted. ‘Pending
_thegse, the Ballistic Research quaratrrzes have interpreted the ex-

, perimeﬂtal data statistically in guch’ a way as to be able to- employ the.

" results in current design stud;cs for improved hand. grenadeso Based on

”the experinental results as obttined Lnferﬂally'from Dr. Herget, the

Anferred vrobabilities will be Gescribed in this: report along with the

~ method that has- baen~emplayaé in deriving them, ‘The: exnerinental data

- available to the writer wust be regerded as provisionsl because they may
be modified by Dr. Herget, befors he publishes them, as the result of 2
. posgible critical reuéxaminatxen in the llart of nbst morten studles by

the medical officerau_*‘ . ,

A}

i v : : o -
The oruuabllitles in thig v norﬁ'ahould be regar&ad as‘provisﬂona

They are publishad at thisg tinr enly besowmes they are being used fof @n -

~ extensive design study, whose urgency hag rendered,neceasnrv the Dﬁ?loyh

ment, of data which, although prov:smonal ‘are balieved to be the. bﬂsu
1f,data aurrenzly availablev o SR S

Hajor T, 0. Bl&ckbum, Comta H., e Flegs, ancifiaﬁ?:{,ﬁlj'm; Ladds”

7. %
w




S Itis ;; pleasufe o record thc' mtha@immc and willlhg cooparao
%ion of Dr. Hergel and his co~workers zt Idgeﬂcod, in upporting the des:gn
- atndies of the Ballistic Reggarch Labor ctories, by their cheerful amd
- emvgetie execution of ihe wound ba ailiatle \,f.permenta. : 2

: \ The author ‘bears ertiv'e responsibili ;,y for the follmng dismﬁan,
‘whieh it is hoped will pok deprive Dr. Herget of the opportunity of res
interprebing hig edpermmtal regults, or cx publﬁ.sh.m any batter malyad.a

- nf them that oen be doviged.

7 THE DATA o o
Three typas of fragment souxces, pmamd and supplied Sy the
"iialb gtic Research Laboratories, were used in the experiments., 411 the

" fragments wore of a‘cael, in the shape of rectangular parallelepipeds.

The first gource consisied of a2 sphere of high explosive, pentolite,

" szrrounded by pre~formed fragments whose musses were &1l gpproxinutely

© 0.7L greins., The initial dimenslons of 21l the fragments wera 0,1 x 0.1,
x 0,0f inehes. The total pumber of {regments was nearly 2000, the ratio
of explogive charge to tobal weight was sbout 0.69, and the total weight
of tha source wos about, 12 ounces. Recovered fragments were found to have
‘losb, es & rule, some of their sharp edges and corners with the result
that thelr musses were less than the originsl masses. Half the nass of
the recoversd Iregaents was in the fom of *‘ragnents more m«mai.ve than
- 0.60 grains, which is here called the "median® fragment mass. The initial
f.’z'egnwnt velocity wats :zmmﬁm&'te'w ?800 %/sec, , Lo

The second tj'p(: of source ﬂansista..& of a sphere of pentolite _
surzounded by pre~formed fragnenbs whose initial dL'nensiou.; were
0.1 z 0.1 z .137 inches, whose initisl mases were all 2.5 grains, anﬁ
- of which there wers sppreximatsly 1100, The median mess of recovered
" fregments was 2.1 grainsy the vsdie of explosive charge to totai welght
cwss. about 0.L7, and the totel welght was zbout 2.2 ounces, ‘l‘be initlal

5 k.reg,mcat veio :d:,y Was munmmat gl L f} .I.‘G/"QC&

" The bird typg of fr‘.gﬁent SOUPCe Was a sphere of pentoute sunwnd.od L
by mpwwiatmly Tho fragments, with initisl mapges of § grains and : oo
dimengioms. 0,125 x 0,125 x 0.18), inches, The median mass of recovered
fragrents wag 4.26 grains; the ratio of charge to total weight was Q. 39
- mproxlmately, snd the tctal waight wes nearly Mi.5 m.nces. The in ma.L
Zrapment velac.t’c was- approximately 4500 i‘*v:./sqzc.' Lo

.ﬂ. fourth source of fragmenis, a standard Mi II hand arena:ié, was also
used but since the. framezﬂb‘s were of uncertzln mass and striking velocity
. the related ompe m.ment&l date will not be dlscussed or empluwd in- ..hia

raporﬁ.

Tha ph"s.r.c,a d&tu relrting to the {ra ?::znt sources ha% bsen fumi 2d
S Lo tie au hor by Mry Toleh znd Mr. Dson,of the Ballistic Researc;x .asbaratorzea,
under whose supervigion ttw gources werg ;arermr‘sd‘ T :



ﬁa@t caused e?en severe ummds In sach experlment,
f-am distmm, sither 5, 19 .o 15 feat, from the Prag:
szperiment with the 2.1 grain fraguents waa conducted’
$ar other experiments igvolving four goats vere repest
S éué,a%; tlze seri.es of exparinwnta uwolved »ight goat,a un

i *;?mm- cataﬂorieq of incana 1tation or wmmdi.ng have béen mloyed ;{ S
L e m&t gevere category is thot of incapacifation in S seconds or less,
g4 is ealled "Type K%, 4 less severe category ie that of incapacita&:ic

T in % ':.,Lmtes or less, wnich includes Type X. This’ ‘catégory is- callad

S oRType A The third and least gevere cat.egary i ’ﬁhﬂ.‘b of Patal or seve re
e Wmhag, and for reagons of logic contains Types and A. ‘rhis third
o caﬁ.ggory is called "’I.‘ype ,Bu _ - " :

Ia ’f.hfs analysia, 311 experiments m.th the aama &

o »uf‘fmgment source
at ‘the same diutance have been pooled and regal‘ded 5’:’ e ' ;

- of tha framem.s af‘ter firing was lcns:m:, and it :
mrage o ted avea A of -4 fragment divided by the 2/3
mass, Afm ©/3, was the smme after firlng as before, at be
svaluated by calculation from the initial mass and’ If:’ evaluating
A, use was made of the well-established geomet ricalrlaw that the average -
. pregetited srea of any geometrical solid, whose surface is nowhere gone
pave, is exactly equal-to 1/l of the total superficial ares,® mﬁphysica&u
anii geometrical data were therefore knoun, rather. clossly, in all ' .
ents. The result of an experiment, invelving n ‘animels, was
tham were 8 instances of incapacitation ‘o wounding of any’ part;tp AL
 ‘ype. - The Number n vas alwsys either ) or 85 while s had 10@1@.; ¥ o
" b soms integer in the range from O through n. Achum s the -medio
. officerg were sometimes not able to stete with ¢ etey 2.
©. 7 thera were ‘exactly. 3 1nstances, cut of the ' n aniﬂalg of in
"' or wouhding of a particular sort. Out of eight an “for example,
’ might be uneertain in a particular meriment uhei:her one or hvo ST
~qould truthfully be stated to have been incapacitated within 5 saconds. PR
'n such cases, tho author has arbitrarily aversged the posai,bl;a and .,
-goubtful values of g and has used the average, in the g example
1,5, 28 though it were the mumber of animals, smong n fired at, cbserved .
" "to hewe been incapacitated. 4 final datua to be uae'&. ; not biological T R
° A‘jalt-hougk it ifwvolved the animals; it is the mmge ‘numbsr of hits per
mﬁmal in each axperiment. This average mzmber cgn be.' “m’bed by h, -

Iaefom proceeding to the zmalysia, it s wall to mdicatefthat.;,}

| ‘  ;)Rme m_r ‘.i.ntersects the. smlid, bu‘i: only tmmhea 11'.
% genuy. T{ms, a rectmar parﬁlelepi ,




ib ﬂ‘& : Jnaiﬁarcé that certain woun&s, wb.ich Wex'ese o
-hava beed 3&‘35 serioug in: fmmans. Such wounds were,t

esb?:m effecz%.s of the fmgmanta u.pon 'i;he goata. ; : indng
~or_nob s apimsl was “incapacitated™, &% is undarsbond that the medicel
oi"’ieﬂrs were askink themselves the hs‘pathatieal question, e Shiy gea*t e
Ches baan & determihed and brave soldier, would he have bosn sble after @
- expoguate fo the fragmﬂnts to have enployed ‘a ueapon‘adninst his enemies? -
: f ‘Conld he, for instance, have ralsed, aimed, aud fired a pistol?t The res
o Z}gqﬁimn%a for considering a terget to have been "™incapacitated" weve .

C¥mg very severe requirements in the rﬁnds of. the medlcal oi‘ﬁeera‘ 'tfa “
- claggifled the types of injury. e et | e

oy }‘4,\:,7; I m:msts AMD cammszoug

d,».to Ivagments
esed’ estimate o

y If a aﬂimala are Mcapacitated a‘aong the n aazm
m a paﬁiﬂuhr experjment, then the fraction sfn ,is an

Camd is mreever +the best estimaﬁe that ean be obtai.ne known
that it will in general be erronsous, If the unknown trie mbahility is
pk, then it 1s Ynoun that the probability of obtsining aﬁea:&zsely s in- N

’"éﬂcapneitations in an exoerment iwolving n animals i.s axactly

ac‘bly .h then in an e:q:enmnt imlving four- axﬁmal ipmbabilities ‘
. that M 0, 1, 2, 3, or L animals will be incapac; aﬁ&d'are 1296, 9%16, o
T .Mé, <1536, and .0256 resneetively. ‘It is clear,. tharefo;'e, that R )
£rom the result 8 of an experiment involving n animals, where n is-as C I
~ amall as L, the Traction 8/n cen differ consiﬁerably Erom. pk, TMoa
lesser ex?.ent, the same refark is true for axperments involving 8

amimals, and to some extent the remark is true for any emeriment ine» g
voltd.ng only 2 r.mite mimber, houever large, of animala’ : .

From the values of g and n,.the unbiased eacmatea &/ S Be obtained -
of the probability Py ai”incapacitation, and also confidetice mits. 48

explained in detail in the Appendix, the 50" cgnfldgm mga .m such
SRR \t-h&b if one alwgys asserts that the unknown, true, probability p.1
| mthﬁ%"conﬁdenae imits cnmapondingto ha observe

the 508 confidence limdts are such that ume ways asgerts
o unkm:m, true arobability of incapacltation 1iea tweon,



| “(‘\':'fm at Jeast " 90% of such assert'i_.'ons..

"7 . In the following table, relating to "Iyps Kn' incapagitation, the
N m'*;},f:.rsh colunm contains the madian mags of . frag'uent 1n graina, t.he seoond

'I‘able I

'I‘ype. XK. caaualtmes«mmcaoacltamcn in & seconds or less

Am. fA/m v‘“lo nv/A hlnl s P phk I

aTa jogs | 178 i cgs R Y 9@ 0% _SOR|bestIoOR 108,

110245100 | 1.33 205 ojo lo jo las}.tto fo Jo }.067 AL}

WL0l1.24(6200 | 3.52 | S 11026}.16 .25 1.50 | 681.005] .034 .656|,13 020 |
11.2417000 | 1.72 - {25 0jo {9 }06 {.30}.50}0 j0- 1 o014 }.028]
0713 h200 1073‘ '108 0 o 0 0 '030 050 0 ‘:0," } . ‘018 032
STLIAS50 | 1.87 | 3.5

e 1
426} 5914300 | 2,12 | 1.518 |2.5k13 .21 1.31 .45 §56L).075) .15 }.22 .33 |.49

26 5914300 | 2.22° '} 3.5 1 L026).16 1.25 .50 | .68 |.008} .0k91.079}.18+| .28 |-
: ;a59 héOO 2»38 /8 5 2 Esué a29’/.'050‘ 071 ; 86 pOlB 301&0 0078 om 021/

eolumn the value ot‘ A/m in cgs units, the third column the remini.ng fvagment
veloc1ty v Just before, impact, the fourth column the: quantity 105 mv/ A :I.n
- egs unibs, the next column the average number of hits per animal, the ~

‘' next column the mumber of animals involved in the experiment, and the AT
next column the number of incapacitations observed. : The next’ five e.ol:umns
contam the best estimate of ‘the probahility pk of incapacitatdon ag uell

o ag the 504 and 903 confidence limts as deacribed by the columx heedinge.
- 1The final five columns contain the corresponding unbiased estimates and
...onfidence lmits for the unknown probabihty, phk’ that a “random hit by

‘a single 1r’agment. will causeg. Type incapacitartion. Tha values of phk
have besn inferred from the values of the vrobnbility pk through the
_ ;*,-_ equat.:l.on S : .

@g;oa, 1§39 |03k |.50)012] .p33}.0581.11 .18

fcrooere o

] .

a

; P mle1- "k)m,l

' uhich assumes that wh&n an animal is hit h tmes the probabuity crf.' ine -~ "
c&pacita’omn pk is one mims the probabil':[’ey that - the animal would i L
deganden.,ly survive, without incapacitation, 411 of h separate. ‘Wis, The -

. assumption may not be absolutely correot, but in comparison with the
s cparseness of the final relations, and in 'view of the small pronoriion af
k Werla:apm wounds,; does net seem 11kcly t.n 1ead t:a aez“*ious erToN.

. It muy be notz,ceﬂ" thar, suatlst‘lcal theory *0;:%&..{1@9:1 in tha mrwvui* s
dm‘]s only uith logicelly. poszible, and therefore mtez'gral, v&h.a:i gt

ahe f‘umber, 8, of animals incepacitated. In the table, however, there
Care Lwo msbances of: fractioral values of s. uince bot.h fmct:mns ara A{,/i

»'A4\




-:m'hagers, the . ccni‘:.dence 1iruts h:&e been infez'ﬁe;i o the
tskm in the Appenm by avarag:mg the ‘entriecs i'cr the tuo &djaeant.
ia%gzm). Value'a o.f Be : BRATEA S, v

A In Figure 3., tha probahil:.ties phk that a ;'sndom hi’s will cange’

im.m&cztetma in S seconds or legs are plotted against. ‘the quauhmty 10 sm-/ ae,
- Boih the 508 sad % confidence 1limits are shovm The reaaons for. choosing

}.G Sw,” 4 as th@ pmical parammar of wh:tch phk is a functz.on are eub» 4

mmtiany thz same as in BRL Technical Note No. 370* -t seems reasanable
tzﬂ suppose that the probability, that a random hit will incapacitate in e

. 5 seconds or less, depends upon. the fractinn -of the body's superficial -

- arai dnrough which the fragment can venatrate and thereafter strike, snd.

~ewise Tepldly incapacitating injury to a'vital regioz;x. Such. vital regii ons,’
“’ﬁr “Type g incapacitation, should ba expected to be very much smaller
~‘than the reglons which are of importence to less rapid incapacitation or.

“to merely scvere wounding. The author has been informed by the medical

- and biophysical staff at Bdgewood that the regions vital toiSesecond .

incqmcitatian are in fact very small. If fragments possess such great R
"penet.rat-ing power” that a fragment traverses the body completely wherever :
4% hits, then the probability that a random hit will cause Sesecond in= ,
canacitation is merely the ratic of. the presented arrea of the relevant

/ i— ‘wiksl regions to the total presented body area.- On the other hand, if =

‘the "penetrating power® of fragments 13 so low that they can never reach
‘wital regions, wherever they hit, then ‘the proba’m.lity Py must be Os-

Fur an mtemediata degree of "penetraticg power",‘ a .certain .fract:.on
onlqr of the body's area is such that hits on it will permit penetrat:.on
deep enough %o reach vital regions, and of this fraction a still smaller

. part will correspond to actual" injury of vital regions. It ths:‘efore seems L

SR : ‘ The “penetrating pouer" of a f fragment is a rat.her vague concept.o

not unreasonable to suppose that the provability, phk’ “dhat ‘a’ random hit

Cowill incapacitat.e in 5 seconds or less is a function of the “penetrating
" power® of the frag'nent. It seems probable that . merely raaching a vital "

" region is not enough, and tha‘o to incapacitate rapidly the fragment must
* have some definite remaining énergy or velocity when it reaches the vital
t'eﬂ.on. This consideration cannot destz!oy the aependence of phk upon /

"panetratmg powern, althongh it can and probably daes influence the ,
rgture of the dependenice. It seems reasonable; f,herei‘ore, after every-
thing has besn considered, to attempt to ralate the probability pm(

to the "penetratlng power“ of the xrament.\ ,

L Technical Note 370, "4 Provisional Casualty Qtitefian," TE
- Sterne; March 1951. A TR T
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because such {rarments o

v ia not e properéy of a Iraﬂment alone, but is
% 2 fragnent and of tho neture of the penetrated
"K&ll dffers, from pleee to place, in its. ability to
Thus, bone is more resistant then skin énd skin in
e‘resistant, thickness for thickneass, than soft

The 7enetratxnﬁ
really a promsr
matorial, ‘h
regist pey
tarn aﬁnaazﬂ a& be'ﬂc

»

+*33"@§. herefore the n&t‘atxng power of & f ragwent rezlly depends
on whero 1% Bits the lumsn target. For the pr esent rapid and rough
snalvals, penetrah j oower 18 1 vevtbe less represented by the quantity

mﬁ/a ag theugh the body wall wera h muueneaus 1n ite properties from

- place to plage, bub varied in. thickness. It is hoped that others may

be able to improve the analysis in this reporh by taking inte aceount
the detailed anatwnwcal rariation in the resisting power of the body
wall to fragmenis, frem oluce to place, in some such manner as that

r«nDTc“Pd by, HeWillen and Grefg in their repori, already cited.

Thyough the confidence intervuls plottad in Figure 1, there has
oeen dramn & rathsr wide cuirve, or Dd.ﬂ, dewcribing the authorils
asstimates of the relation between Pit »ﬁa the paramneter louﬁmv/h.f I

a@ems 1 ogically neesgdary for ﬁP to ineresse or be constant Hith~

o

\

\RJ

inercesing sbeclssa., T e very small values of Lhe upper conf*daace'

1imbte a2 abscissa 1,72 ‘tixes the left=hend portion of the curve
rather clossly. This is fortunate, because the curve is not otherwise
s le) u ﬂ7 ﬁ”?0"*¢ued‘- The might-huand portion of the curve has been

e i from the welshted mean of the hest estinates s/n correspornding
ree zreatest fuseissas. It Lz nob uneeasonable €or the :
ord;ﬂatﬂ 7. 50 be congtant fer still hizher velogs of the abscissa,

F4918

o e

“vgrdy have very graat nenetvat¢nﬂ nower and
tlierafore may covy \“oauu.qubstanﬁiajly'Lo Qﬁmp*9u£ travergssl of %the .
sarget whsnever L1 is Dit. It ls interesting thet the mexdmum v 1ue

of Dyee 28 50 delzixined, should have Lesn found to be aparoxlnatel“

0.1, for this valuc hajpens to be in exaeh asve ement with an estimate,

nade by Purng, ‘nrkcwﬂﬂn, and Ryopn, that 0% of the bcdy area was

A

- such ad to resuil mn'dwath when punciured by fragrents that could

. R
i uw’faapcmﬁlng

w

%

et Je Re £33 »  ihe ensrgy, mass and vvlcz
* s:mall wlesiles in ovder $o producs & chs
£ nort Ho. L&, 194%, Habtienal Rescoroh
L nceg, acking for the Comnitteg on .
Hesearch, 05{lce of Selentilie lesezreh and "@VPlopment'

bhere were ne Typz £
inet rred .5 grain
ve mavbar of hits wus




O trtmarue the body completely . Thié\'clése agreement 19 parhws
o L,jpﬂfom:ltaus.g , ' ' "

A . . . e, L :

DR " 'The next table contains simi}.ar data, relating te ’l‘yue .é m-
L capacﬂ.tation (:.ncaoacitation in 5 aimtes or/lass)» -

.

Lfﬁhfﬁiﬂ:“‘. 4\'“@h11

Tyoe 3 camaltieam»incaaaonat on in 5§ 'minutﬁe)séii‘a

S Mm 10 gmv/;il h {al s} Py -
T ces B O R -1/ 2 I )
E1 1a2h SIJQO ) 1._33 . . 215 8 ,- .0&1* 606 ’("
1. s?h’ \L!,ZOG ‘ U 1373 1.8 h 1 . 116 T e e
Coh L usso | o187 0 | 3.5 18 3.5 §.32 | L
.59 1 4100 2.2 | L.5i8{3 ,-27 2381
59 | ; _2.36 8.5 1k jb ; ,70 1
from which this table differs only in the numbers of ineaoacita’csd L
animals. 50% confidence limits ere shown, and the unbiased: estimtes L

. s/n, as before, but not the 90% 1imits which are toc wide to be of any -
use. The resulting piot of the prabab&lity phk tor "‘l‘yne An incapacitatmn, o

' agai.nst the abscissa 10" Sm/A, is shown in I‘iguw 2. ‘A rather wide
" region has been drawn on the gravh by the author to. repnesent. the - ,
devendence of Phkc upon the penetration parameter mv/ Ao It will be ncticed( :

. that this relation is 1eas well~determined than the' corresponding relation' B
- for Type K inecapacitation.  The reason for this i8 that the experiments -

" were vlanned to obtain good information about Type K incapacitati.on, ‘and.

- the number of Type A incepacitaticns, being larger than the rumber of

' Type K- inc&paaitatmns, has not, pmvidad as reliable infom’ciou about

pm{'- , , v S

. /

o

e Burns, B. D., and S. Zucl.ermnm. The . ralationship betaeen striking
' velocity and the. damage caused to materials by a 3/32 in. steel’ ball. s
- Gr. Brit., Ministry of Home uecum.ty, 19241, R. C. Ea'port No. 232. S
 Confidential o R

\ . g ) ;‘ e
. . s ~
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Table III
I‘ype B caeualties-afatal cr

va/A h 1 njis
cﬁg N
1.33 - 2-5 -8 1.6
L.72 - 25 L 14
.73 | 1814 | 3°
187 }13.518 | 8.
{58 2022 3.8 Lo b
'u? 2-,38.' 1 8.8 1‘,; rlt

L $im11&r remarks apply to the th::.rd table, wh:tch relates to Type B T
‘c&sualtiea, fatal or severe wounding. The author understands that a . s
 wound was classified as "fatal or severe® if, in the opinion of the
 medieal officers, it led to death or would have led to death in the
. shaence of surglcal attention. The plot,‘ Figure 3, ¢o rresoondin to
 Type B casunaltiee lesves even wider ﬁ‘reedo*l for the location, of the '
corve relating phlc to the sbscissa 10=2 v/A, than in the ocase of Type X

'Tor Type A incsoacitations. Therefore, no atte'npt. has been fdde to L
. determine, f£ron the 'data, the functional ‘dependence ‘of phk for. ratal or

' -gevers wounds upon mv/A, Instead, the relation derived in BRIL, ‘
- Technlcal Note No, 370 from the report by Meliillen and Gregg, a‘l.reaw
- cited, has been drawn in. -The best that can be said'is that the .
. ' experimental data, as described by the confiderice intervals and une .
. biased esﬁimatsa, are perf ectly consistent with the curve. -The ourve
_passes through six of the eight 50% ‘confidence intervals, which is =
.. _rather more of them than it should be expected to pasg through by ol T
© . ohence, and it passes through seven out of eight of the 90% confidence =~ .~
~“Antervals. If the maximum of the curve were higher, it womld pass ' = -
through all of the 90% intervals. It would then be, perhaps, in 3
mmawhat. jmprobably good agreement with experiment, but this con-
gideration does not prove that the maximum. should be no higher, The .
- author thinks that it would be best to leave the curve wharg it,is, as =
© determined in BRL Technical Note 370, with considerable conf‘ldence ‘that this
‘location does not tend to exagzerate, bubt if anything tends to under~
ast‘lmate, the probabl}.ifby that a random hit. will cause a. fatal or severe

The aut.hor very wuch hopes that Dr. Herg'et. and h:ls assooiat.es, o T
T‘dgewood may be able to obtain more reliable and. ‘accurate probabzlities S
of incapacitation by. combi.mng, with data of the type uged here, the con=. =
.~ “siderable knowledge that they possess of biologicsl and medical mat.t.era. IR

51*‘ :m thuught that ini‘ormation obtamed from a detailad stud]r of the




_: - sgparate wounds mf‘licted dumng the eacperiments, nf 'bhe, g o

'mgmrw importan'o the varicus types of incapaci‘blbi.nn ‘
L ama relat:mg to the. bady wall. can in principle be bombined.

- - & combination would enable a considerably more relis A‘,ke “and accurate

- . dstarination to be made of the important and useful ‘probabilities,

S Pyes tham the crude detérmination i,haq has been made :Ln this repoﬂo

DR -fm ,iare umted dafba. ‘ T | .

7 R . ‘) “1 -
yd ) . \'~/
- _ ) ~(;
T 1 \ | |
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problem, conf w ‘l*.vzca limits of an unknown parent

preh selected on the hasils of the probability, P, of
ohtal of s;uccesses as probable ag, or less probable’
than, tho observod wee 8 of suecesses in n dtrials. In comparison
with condidense intervials Seloated in asccordance with procedures of
Clopper and Pearson, the pressnt intsrvels are narr'cwer when 3 is

either zero OF Ne

L
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thare ¥ill be precisely r successes dnri_.,(

;'PPEI!UIX

zr the nrobability of a "sccess™ i3 =, than’ Liie n*c.w.!:»f.lity that

ﬁna"._ i3 nxactl;r

Baln) | Anr(i-u)n-.,r S

_ ﬂ:arerore, the probability of obtaining a mmber of siccesses as '
-prodable ag or less probable than a particular m'nber or successss 8

is aqual to . |
P(ﬂ,n,s) - Z.pn, _ - | (2
vhsm the smmnation is over all values of 3‘ for vu?ﬁ.ch .
pn r(“) Pp,al™ .: L . (3)

The probability, of obtaining a value of P equal to or less than some:’
particular and possible value, P!, of P is equal to P*, From the
preceding censiderations, conf:.dence or ﬁ.ducsal Yinits of n cam ba -

_ chosen corresponding to any values of n and sSand any desired

- e .

Loy

value, € 1ylng between O and 1, of Pe

Consider the dependence of P{i {r, n, " 5) upon the variable 1, for any -

valus of 3 other than O or n. For values of 38 differing from 0 aud n

it is cléar that P(0, n, 3) =nd P(1, n, 8) ar? zero, and that &

are some values of n, between 0 and 1, for which ?(n, 1, s) is :nity.

me values of n for which P(s, n, s8) is unity are values for which
(a) 1s the largest of all terms p, (n). Tt can readily be shown

that thera are exactly n values of x betuee-x 0 to 1 at which P{z, n, §)

i3 discontinuous. Such discoudinuitics corresond to the "crossing®

of pn s(x'() by other 1 ,(1) ¥s, and exc:.nt at the n discontimities
)

Pln, n, s) is a contimious function of n. ‘hen g is 0, the sitiation
1a someuhat different since than P(0, n, 0) is umity whilz "'(-, a, 0) is
zero, then s equals n, P{0, n, n) is zere whils ?(1, n, n) s anisy.
Whatevar may be the value of 3, tnare are just n values ofen 2% wiich
P(x, n, 3) is discontinuous, .

The preccdln:r descriptisn eof some of th2 properties of tha P funct:.on
has teen included to clarify, in the reader’s '::_..d, the nature 32 the

ld
desendence 'of P(n, n, s) uson a. To seolech coxfidence or fid:zizl limits,

PSS D,
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i5 the probadility of a Ymuecess® s w, then the probability that
il u precisely p successes during n trials is exactl y

[
F
4]

- probability of obtaining s number of successes as
© ramber of successes

» dess probeble than & narticula

]

o f *"‘. " . | ‘ Y
Tl nye) = ;Ei. pn,fiﬁ; : ‘ (@

the swwmation is over &1l walucs of » for which

\
3

¥y % P ) - -
Pa,2{0 = Ppgln @

ahability, of obtaining a value of P equal to or legs than some
gertioder cand possible walue, PV, of P is squal to P! From the

' : mcazid"rations, confidence or fidaecial limits of n can be
cpregponding to any values of 2 and s end to any desired

)

ey £ ile between 0 and 1, of P,

der the dedendence of P.u, n, s) uoon the variable n, for any
> abber than 0 or m. For values of 8 differinn frem O and n

ar that PO, a, 3} and P{1, n, ¢) are zero, and that Shere
values of mn, betwsen £ mod i, for wnlln P(n, n, sy is unity.
Tha walves of n for wilch P(x, n, ¢} is unity are values for which

n o {47 dis the lavgest of 2ll e p_ (n,, It can readily be shewn

'st N
that theve are exactly n wvalues of = Jotve i) 0 to 1 at which P(m, n, 8)

is discontinuous. Such discendinuities correspond to the “erossing®

of Py %) by other 0, r(n) 's, and exespt at the n discontimities
3 bt

P, u, sy 35 & contimous function of n. ¥hen g is O, the situation
i3 somcwhet different since then ?(0 v, 0) is unity while P(1, n, 0} is
rero. then s equals m, I(O, n, 1y is sero while P(1, n, n) is unity.
Ghatever ﬁay be the value of 8, thers ave Juﬁt n valves of n at which
P{r, ny 5) is discontinuous. -

The preceding descripbl
hgz bren incladed to clarify, in the rzaﬁaf‘a mind, the nature of the
donepdoage of L(n, i, s) upon 1. Yo gelect Ponfldence or fiducial limiks,

P § 1€ Py

s S

on of azme ¢f the avouertleo of the P=function




-

+ ie mufficient to consider the skovtegh interval ﬂi‘ 3 that conta;zns all
b ‘r'xl.xe.s 01‘ n for whmh « ,

\ . R . o

P{a, n, 82 &

k1
P

(

¥

-
-
v

x“ ggpondine te any pacticulay and possible velues of n and s,, aad to‘
soma desired value of € . Corresponding to ng possible va 1ues n, s, '
) ne shortest interval, . (pl,pg), by

st € b im a.la-xezjsra poasible to find iy

LERY TR AR

ealeniabion, ‘The lower limid By iz the smallest of dli‘n‘ g satisfyving

0e x

the velabion { LY, =ug Hihe upper “H,.gﬁ.f; Py W5 U ne .iréest of all «'s

saily u‘i’af' the velation (b). Such limits p, '
a.a.s.iuL hu  shown. One ;uéy’ note firsh that when 8 is zerc, p, is nero;
and Lhat when 8 .is n, P, ig unity.

The exisbence of Py and g, 5 follows rigorously fr:m the congideration
\
2

that bths sed of ats d'aif;.sfﬂn:; (L} has a 3.9\,'0 bound, ze.'m, and mush
therefore have o greatest lower bound, Bys Similarly, the set of nfs

satisfying (I) hss an z.n';mer" bournd, unity, and must therefore have a
lesst upper hound, Pge It zan further be shown that because of the

2a
’

I

nature of the P~funetion and of its discontinuties, ff’he nunbers 5 Py

apnd Py mast themselves sabizly (b},
Nenmss of the 1&3L~ﬁ‘en‘t,im“° ad property 7 of p, and Ppa it follows
that B T T
. K . s o
Fu, n, 8) < &, {5)
for 11 values of n lying outside bhe closed irvterval By& NEPye Let

3

us uow arbitrarily ch-"ese some walun of & between 0 and 1 and adopt the
noiley, menever in an experiment some velue of 8 has bgen cb.;,erved, of
alwa,rs asserting ¢ - :

PLE Mg By (8

whore pl and Py eorvesnon: o the aoinal n; the ohserved 85 and the
chosen & , Ye shall be wrong in our a.:,qem-_ong when, and enly when,

" a1 ldes oubside the closed interval \t),_., in which case P < & by (5).
The “robaolbty that our asgertion is ﬂcmwm{., whieh is the samg

a3 bhe proporticn of timeg that we shaild be srong in such assertions
in tk long run, is therslors less thau € . ‘“"vwraaf’orc, the Dmbab ilivy

4
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sertion {6} ig correct, which is the same ag the proportion
we shall in the lonz run he rizni in such assertions, is
L. &, Ye accordingly c#ll p, and Py the lower and upper

&

isnee, or fidueial, linmlos.

ted aonf ilence llmlta pl and 92

10, Thess limits may be called

« The tables cover all possible
n = 8, and are sufficient for the
uhach this is the ippendix '
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ridence Iim“us, selected in.

mﬂ&@%ﬁ nc i the vrocadure in tids fppendix, o conf;dence 1im1tq

aal 7 of Clepper and Pearson™,

(ur discussion hus congldered the pro iity P(n, n, s) of obbtaining

a mmber of successes as probable ap ¢ 2@3 prebable than an onueryad

* Clapper, Cy Js, and E. S. Pears s, The uge of cbnfidence or \
fidacis}l limibs 1llustrated in the case of the binomlal. Biometrika,
Vel, 2 ' ‘

6, nages LoheLiz, 1934,




number of successes S. Theiw mcaswivr conulders the bdbilxty of R
. obtaining a mimber of successss squel Lo or less thad the obgerved-
“mmber and, separately,. the prebability of cbta;nlng -a ymmber of .
suceessas equal to or greater than the cbserved nnmberp They select
an upper confidence limit im such a way as to. make the first prababllity
R ‘less than or equal to £/2, and & Jower limit in Buch & way as to make = - -
$ ' the second probability also less thah or egal to '€/2. There is, . . = .
T - however, no value of n that can meke the second probability less then
‘or equal to € /2 when g is gerc, nor is there any value of n that can
- make the Zirst z}robaoﬁitv less than or egqusl t6 &/2 when g is n.
, . Consequently, the conlidence limits sslacted by Clepper and Pearson .
are unnecessarlly'wids wvhen g 18 eithsr 0 or n, and they have in ;
effect over-modestly underaé%;nateﬂ e Iewhtﬁmate degree of confidence
in their assertions, comparable to (6), for values of. a equal ta 0 and ne
: ' The confidence imtervals delined in this fppendix are Tarrower than théirﬂ- -
P _when 3 is 0 or n. The present intervals are not veentral® 4n the sense
5. in which the infervals of Clopper and Pearson are central; but theJ _
- are perhaps more nearly %cenbrgl® than thesz of Clopper and Pearson with
~ respect to the probabilities, P(n, 1, s), of obtaining results s as :
probable as or less probable than some oasavvad 8, regardless of “hebher -
" such less probable s'a are largaw o amalle" than the'observe& S RO

- The practlcal aavantawe of the p sent ﬁrogedure for selectlng :
confidence limits, over thet of Jiaﬁs Hﬂd Pearsan, -seems appreclable SR
in the Report to whlch “this is an lippﬂilx, hoca‘se there s is S0me-. - o
times zGrOO \ . . - N . o

s !
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